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INTRODUCTION
Several factors play a significant role in determining the alveolar to pulmonary capillary 02 tension difference and, hence, the overall effectiveness of pulmonary 02 exchange. These include ventilation, diffusion, perfusion, and their interrelationship (1) (2) (3) (4) (5) (6) . In the presence of a normal respiratory apparatus, the lung diffusing capacity for 02 (DLo2)1 is sufficiently large that the principal limiting factor for 02 uptake is pulmonary blood flow during both rest and exercise (7, 8) .
The determination of DLo2,depends upon an accurate determination of the "mean" difference between alveolar and pulmonary capillary 02 tension (PAo2 -PCo2).
At usual alveolar and pulmonary capillary 02 tensions the alveolar to end-capillary 02 gradient (PAO2 -PC'02) is so small it cannot be calculated accurately (1) . Lilienthal (7, 10 
METHODS
Five, male adults familiar with pulmonary laboratory procedures served as subjects (Table I) . They had no known active pulmonary disease on the basis of history and physical examination.
The seated subject exhaled to residual volume and then hyperventilated for several breaths from a rubber bag containing approximately 3 liters of a mixture of 8% CO2 and 92% N2 in order to nearly equilibrate alveolar Po2 and Pco2 with mixed venous blood tensions. The concentration of 02 and C02 at the mouthpiece was monitored by rapidly responding 02 and CO2 analyzers.2 The volume or concentration of the gas mixture in the rebreathing bag usually had to be readjusted so that alveolar concentration closely approached mixed venous values. After the rebreathing procedure, the subject expired to residual volume and maximally inspired a gas mixture containing 1% acetylene (C2H2), 1% neon (Ne), 0.3% carbon monoxide (CO), and 0.2% oxygen of mass 36 (180180) in a balance of 1602, C02, and N2. The concentration of total 02 and C02 was adjusted for each individual to the mixed venous values determined from the rebreathing procedure. After a predetermined breath-holding period the subject forcefully exhaled. The expired gas was collected in a rubber bag after discarding the initial liter of exhaled gas (17). The experimental procedure was then repeated several times in order to obtain multiple alveolar samples with breathholding times varying from 3 to 10 s. (20) . DLco was determined from the slope of the alveolar CO disappearance (17).6 DLO2 was determined by previously described methods (11) .
Predicting the value of DLO2 from determinations of DLCO. 6 The CO back pressure was measured several times on each subject using previously described methods (14) . However, at the levels of 02 and CO tensions used in these studies, the measured CO back pressure was less than 0.001% CO and this where DMco equals the diffusing capacity of the pulmonary membrane for CO in ml min'-mm Hg-' and Vc equals the pulmonary capillary blood volume in milliliters. As all our measurements of DL were made at alveolar 02 tensions of 33-44 mm Hg, we used an assumed value of 0.98 ml ml-' * min-1 mm Hg-1 for Oco, the reaction rate of CO with hemoglobin (21) . We used the regression equations of Johnson, Spicer, Bishop, and Forster (14) to establish a proportional relationship between DM and Vc. This relationship was approximately 0.6 ml-min'-mm Hg-'-ml-L and assumed to remain unchanged after exercise because of the small change in DLco. We assumed that the predicted relationship between Vc and DM obtained during normoxia also applies for conditions of short-term alveolar hypoxia. Substituting this ratio and the appropriate experimental DLco value into equation 1 a allowed us to calculate DM and Vc.
In determining predicted DLo2 by equation 1 b we used the calculated values for DMco and Vc established by equation 1 a.
In substituting for DMO2, DMco must be multiplied by 1.16 on the basis of Graham's law of diffusibility of gases.
We used the broadly accepted values for 002 as determined from data published by Staub, Bishop, and Forster (22) .
At the Po2 levels used in the present study, 0 was approximately constant at about 2.8 ml ml-1 mink *mm Hg'. Recently Rotman, Klocke, and Forster (23) with two perfusion pathways (12, 25) . Our results showed a considerable degree of uneven distribution of DLo2 with respect to QC at rest. In all subjects, more even DL/oc was present during exercise. However, there was considerable individual variation in the amount of improvement (Fig. 3) . These variations may, in part, be due to different cardiac outputs during exercise. For instance, in subject R. S., who demonstrated considerable improvement in DL/0, distribution, 0,, increased 7.1 liters min-, while in subject R. W. H., whose blood flow increased only 3.8 liters min-, a less dramatic change in DL/oc distribution occurred. An- other factor which may play a part is age. The oldest subject C. C. (age 42) showed very little improvement, while one of the younger subjects (R. S.) showed appreciably more change. Measurements in a much larger number of subjects with a wider range in age would be required in order to establish a relationship between age and degree of uneven DL/O,.
In the upper left half of Fig. 3 (7) .
To determine the possible influences of different DM/Vc ratios on the distribution of DL/O,, the mean data were recalculated for a DM/Vc ratio of 1.5 ml -min--mm Hg-1 ml-', the ratios found by Lewis, Lin, Noe, and Komisaruk (26) . The resulting levels of uncertainty are depicted by the shaded area in Fig. 3 (34) .
(c) Heterogeneity with respect to individual gas exchange units. Random heterogeneity of QC in individual gas exchange units may be caused by anatomical variation in lengths of capillary pathways (35) . However, at the present time there is no experimental basis for assessing the magnitude of this unevenness. Anatomical studies indicate that pulmonary capillary pathways may vary from 60-250 jum (36) . Recent evidence suggests that this heterogeneity may be within alveolar units (capillaries) and not within arteriolar units (37) . This type of random inhomogeneity could account for the bulk of the DL/Qr unevenness observed in the present studies.
(d) Pulsatile flow. Theoretical considerations have indicated that pulsatile pulmonary capillary blood flow might have a detrimental effect on the efficiency of 02 gas exchange in the lungs (38) because some erythrocytes would have a relatively brief exposure to alveolar gas during peak flow. However, recent evidence indicates that Vc increases when Q, increases (39) , thereby preventing extremely rapid transit times of the erythrocytes during systole. Preliminary measurements in the dog have shown that DL/Q0 imbalances are greater during conditions of decreased pulsatility at the same 0,, alveolar pressure and pulmonary venous pressures (40) . This finding agrees with the observations that pulsatile blood flow has a beneficial effect upon 02 exchange in membrane-pump oxygenators (41) . Therefore, pulsatility of flow probably does not account for the major share of the inhomogeneity of DL/QC distribution. (42) . However, these hemodynamic changes may require 5-10 min "conditioning" periods (43) . There is no available data that would indicate how short-term (15-20 s) hypoxia, such as those used in the present studies, might influence DL/Qc distribution within gas exchange units.
It is also difficult to assess the relative influence Oco and 002 in the ranges of Po2 used in the current study because Oco has not been measured at these levels of Po2 (44) and because 002 used in this study may be overestimated because of technical reasons (23, 24) . Thus, it is possible that, because of the method of estimation, 00., has been assigned too high a value relative to Oco. This would lead to an overestimate of the degree of uneven DL/0, both at rest and during exercise. However, preliminary studies utilizing the rebreathing technique so that breathholding at total lung capacity is avoided shows a similar range of DL/QC inhomogeneity (46) , so that it is unlikely that this respiratory maneuver substantially effected the DL/0, distribution.
Causes for a more even distribution of DL to QC with exercise
The principal finding in the present study was that exercise causes a more homogeneous distribution of DL to QC (Fig. 3) . Increased QC through the pulmonary capillaries during exercise may result in recruitment of additional pulmonary capillaries (47) (25) in their calculations employed data gathered by the steady-state technique which requires the simultaneous measurements of arterial and alveolar 02 tensions and 02 consumption and estimates concerning mixed venous 02 tensions (9, 13, 48) . While the DLO2 resting values from the above studies are comparable to the current studies, the exercise values are substantially greater. Maldistribution of Qc resulting from the more severe alveolar hypoxia present in the current studies may have contributed to this discrepancy.
Influence of uneven DL/QC on gas exchange During exercise the improved distribution of DLO2 to Qc coupled with the known increase in the size of the pulmonary capillary bed, may account for the ability of the human to maintain almost complete saturation of the arterial blood during maximal exercise despite a decrease in mean capillary transient time to almost one-third of the resting level (1) . In addition, the improvement of the distribution of DLO2/QC during exercise may contribute to the observed finding of a rise in arterial Po2 in some subjects going from rest to moderate exercise (49, 50) .
Attempts have been made to assess DLO2/QC relationships in diseases involving the pulmonary circulation (6, 14, 25, 51, 52) . In the presence of diseases involving the pulmonary capillary bed, increases in flow may not be accompanied by improvement in DLO2/QC relationships. Such an inability to improve DLO2/OC distribution with exercise may contribute to the increase in alveolar-arterial 02 difference and striking hypoxemia caused by exercise in patients with the " alveolar-capillary block syndrome".
